Of the GP post-graduate trainees, 66% perceived their knowledge regarding the procedure of the external post-mortem examination to be inadequate or mediocre. Only 3% of the GP post-graduate trainees feel 'adequately' confident to determine cause of death. External post-mortem examination courses are highly relevant to post-graduate training programmes and should be implemented.
Introduction
The external post-mortem examination (EPME) plays an important medical, legal and socio-economic role. By EPME, we mean the medical duty by which the licensed physician verifies death, completes the medical certificate of cause of death, and is distinct to the 'post-mortem' autopsy used in English vernacular. In many European countries, the performance of the EPME and the completion of the death certificate is a medical duty for a general practitioner (GP), as for almost every licensed physician [1] [2] [3] . The medical task consists of examining for certain signs of death, thus verifying death. Further aspects are the estimation of the time of death and identification of the likely cause and manner of death, which are typically required on the medical certificate. In verifying death, the physician needs to differentiate between natural causes of death and unnatural causes of death (e.g. accidents or suicides) and plays an important legal role. Legal aspects may include revealing medical error or malpractice. At the socio-economic level, information documented on the medical certificate of cause of death can be used for insurance queries e.g. life insurance policies. Additionally, the EPME provides data on infectious disease aspects and epidemic monitoring [4, 5] .
Every physician in Germany, including GPs, is obliged by law to perform an EPME and to complete the medical certificate of cause of death. Information documented on the medical certificate of death is used for the national 'cause of death' statistics. This usage may have far-reaching implications for the regulation and strategy of the national healthcare system. In the case of an unnatural or unexplained cause of death, the police must be notified. Depending on the circumstances, criminal investigation will lead to further investigations e.g. an autopsy by a forensic doctor [6] .
Despite the importance of these tasks, several publications have highlighted that the quality of the conduction of the EPME, as well as the completion of the death certificates, is unsatisfactory [4, 5, [7] [8] [9] . In Germany, some studies have reported a substantial discrepancy between the cause of death proposed in the EPME and the cause of death established in the autopsy [10, 11] . Autopsies performed by a forensic pathologist are conducted in less than 5% of all death cases, which is low in comparison with international figures [12, 13] . Results from autopsy studies suggest that an unnatural cause of death occurs in 33% to 50% of all cases of death and is more frequent than indicated in national death statistics [13] [14] [15] . Similar discrepancies between the cause of death suspected at the EPME and the cause of death identified in the autopsy are also reported internationally [16] [17] [18] [19] . The reasons for these undetected cases are broad. They could range from aspects such as 'out-of-hours' service, poor lighting, distressed relatives or time pressure. However, the literature suggests that the main cause may be due to inadequate knowledge and performance of the examining doctors, who are typically not sufficiently trained in forensic medicine [15, 20] . Recent studies suggest that practical training positively affects the accuracy and quality of the EPME [6, [21] [22] [23] . This is of heightened relevance if the doctors themselves feel inadequately prepared for the responsibility asked of them.
The aim of this study was to gain an insight into the attitudes and self-perceived levels of knowledge, competencies and attitudes in EPME among GP postgraduate trainees in Germany.
Methods

Participants and data collection
As part of the educational meetings of the Verbundweiterbildung plus Baden-W€ urttemberg, a GP post-graduate training programme, workshops on the topic of EPME were held in Heidelberg, Germany, during four educational workshop courses in 2014 [24, 25] . Before the EPME course, a questionnaire on EPME was distributed by the lecturer, completed by the GP postgraduate trainees and returned to the lecturer. Participation in the course was voluntary and the data collection was anonymous; therefore, it was not possible to identify the participants. The questionnaire was developed based on a literature review and the work experiences of two authors (EF, JSt), who are GPs and are working in post-graduate general practitioner training.
Questionnaire
The questionnaire consisted of 19 items related to three main categories: knowledge, competencies and attitudes. Table 2 shows the complete questionnaire.
Data analysis
The analysis was performed with SPSS version 22.0 (SPSS Inc., IBM, Armonk, NY, USA). Continuous data were summarized using means and standard deviations. The three-point Likert scale ratings were handled as categorical data and presented as frequency counts and percentages.
Ethics
As stated by the ethical committee of the medical faculty of the University of Heidelberg and as declared in the German Federal Data Protection Act, ethical approval for an anonymous survey was not needed.
Results
Participants
Out of 380 GP post-graduate trainees who participated in the educational meetings, 128 trainees completed and returned the questionnaire (response rate 33.7%). Table 1 shows the demographic characteristics of the participants.
The results are shown in Table 2 , according to the three main categories of the questionnaire: knowledge, competencies and attitudes.
Knowledge
Before the EPME course, 69% of the GP post-graduate trainees estimated that their knowledge on this topic was inadequate or mediocre. More than 66% of the participants stated in the self-assessment that their knowledge regarding the specific procedure of the external post-mortem examination is inadequate or mediocre.
Competencies
Almost 67% of the GP post-graduate trainees claimed not to consistently, fully uncover the corpse before the EPME. Nearly 18% of the participants felt adequately confident in identifying a natural cause of death, fewer than 5% felt adequately confident in identifying an unnatural cause of death. Assuming that the participants were also the doctors responsible for the family of the deceased, fewer than 13% stated that they would feel adequately confident in dealing with a potential conflict of interest.
Attitudes
Questions on attitudes showed that more than 35% felt personally uncomfortable with the examination of the corpse. Table 2 shows additional data and the complete questionnaire.
Discussion
Main findings
This study showed an important uncertainty in both theoretical and practical aspects of the EPME among GP post-graduate trainees in Germany. Three main findings: 'identification of a natural or unnatural cause of death,' 'knowledge on practical conduction of postmortem procedure,' and 'dealing with potential conflict of interest with family of deceased' are discussed in detail below.
Strengths and weaknesses
The main strength of the study is the valuable insight gained into the GP post-graduate trainees' perception of their abilities regarding EPME. Importantly, they were an unselected cohort who performs EPME in their daily work.
When interpreting the results, some limitations should be considered. The items on the questionnaire were rated on a narrow three-point Likert scale ranging from one (adequate) to three (inadequate) and, as such, were susceptible to poorly differentiated data. For some questions, a large percentage of the participants answered the questions with two (mediocre). The questionnaires were more likely to have been reliably completed because the process was voluntary and anonymous. However, the sample is vulnerable to selection bias. The results of this study are therefore not generalizable because of the small sample size but they are nevertheless relevant for the discussion regarding improving quality in the EPME.
Identification of a natural or unnatural cause of death
Identification of an unnatural or natural cause of death was self-assessed as adequate in only 5% to 18% of participants, respectively. The GP post-graduate trainees were evidently insecure concerning the determination of the cause of death given that almost 97% assessed their confidence as 'inadequate' or 'mediocre'. These observations may be linked to the poor reliability and quality of EPME; something which has been severely criticized internationally and in Germany over the past decades [4, 8, 16, 17] .
Knowledge of the practical conduction of the post-mortem procedure
According to recent literature knowledge on the practical conduction may be a prerequisite for quality improvement in the EPME [26, 27] . In our study, it is remarkable that more than 86% of the GP post-graduate trainees stated that their knowledge on the specific procedure on the EPME is adequate or mediocre. However, in contradiction, merely 33% of the GP post-graduate trainees answered that they consistently fully uncover the corpse before performing the EPME. It remains unclear why this is the case. Similar results were also found by Vennemann et al., and Wilmes [3, 27] . Although adequate procedural knowledge on the practical conduction of the EPME is considered essential, it can be assumed that the mere knowledge does not necessarily lead to an improved quality and reliability of the post-mortem examination [28] . Some studies indicate that more practical experience in EPME is needed to improve quality and accuracy [6, 23] . Given the fact that an increment of practical experience is not always possible, e-learning tools could represent a valuable tool in medical education [29] . In 2010, the Institute of Legal Medicine of the University of Muenster developed and implemented an online tool for undergraduate medical education, which guides students to a complete EPME. The learning outcome was evaluated positively and a gain of confidence in conducting a real, EPME could be shown [30] . Permanent implementation of e-learning tools not only in undergraduate, but also in postgraduate training could, therefore, be considered.
Dealing with a potential conflict of interest
Assuming that the participants were also the doctor responsible for the family of the deceased, more than 87% assessed their confidence as being either 'inadequate' or 'mediocre' with regard to dealing with a potential conflict of interest. This question is particularly relevant for the field of general practice because as family doctor in daily working routine such conflicts frequently arise. Especially in out-of-hospital deaths, the GP is often responsible for the external post-mortem examination and loyalties to the family could Table 2 . Questionnaire: Knowledge, competencies and attitudes of GP post-graduate trainees on external post-mortem physical examination (n ¼ 128). The n varies due to lack of response. have an influence, e.g. obligation to maintain good relations, pressure to accelerate the process, life insurance queries, etc.
Implications
Further investigations with longitudinal observational data are needed to establish as to whether the information gleaned from the courses translates into improved practice of the participants e.g., a lower error rate in EPME. Qualitative studies will also be relevant to understand how and why GP post-graduate trainees act the way they do and what their difficulties and ambiguities are. Regular training in EPME should be intensified not only in undergraduate medical education but also be mandatory in post-graduate training. The obligatory implementation of courses on this topic in post-graduate training programmes could make a profound difference to future practice.
Conclusion
This study suggests that there may be a major uncertainty regarding EPME among GP post-graduate trainees in Germany.
